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Abstract Introduction: A novel amyloid b (Ab) synthetic peptide vaccine (UB-311) has been evaluated in a
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first-in-human trial with patients of mild-to-moderate Alzheimer’s disease. We describe translational
research covering vaccine design, preclinical characterization, and phase-I clinical trial with support-
ive outcome that advances UB-311 into an ongoing phase-II trial.
Methods: UB-311 is constructed with two synthetic Ab1–14–targeting peptides (B-cell epitope), each
linked to different helper T-cell peptide epitopes (UBITh�) and formulated in a Th2-biased delivery
system. The hAPP751 transgenic mouse model was used to perform the proof-of-concept study.
Baboons and macaques were used for preclinical safety, tolerability, and immunogenicity evaluation.
Patients with mild-to-moderate Alzheimer’s disease (AD) were immunized by intramuscular route
with 3 doses of UB-311 at weeks 0, 4, and 12, and monitored until week 48. Safety and immunoge-
nicity were assessed per protocol, and preliminary efficacy was analyzed by Alzheimer’s Disease
Assessment Scale–Cognitive Subscale (ADAS-Cog), Mini–Mental State Examination (MMSE), and
Alzheimer’s Disease Cooperative Study–Clinician’s Global Impression of Change (ADCS-CGIC).
Results: UB-311 covers a diverse genetic background and facilitates strong immune response with
high responder rate. UB-311 reduced the levels of Ab1–42 oligomers, protofibrils, and plaque load in
hAPP751 transgenic mice. Safe and well-tolerated UB-311 generated considerable site-specific
(Ab1–10) antibodies across all animal species examined. In AD patients, UB-311 induced a 100%
responder rate; injection site swelling and agitation were the most common adverse events (4/19
each). A slower rate of increase in ADAS-Cog from baseline to week 48 was observed in the subgroup
ofmild AD patients (MMSE� 20) compared with the moderate AD subgroup, suggesting that UB-311
may have a potential of cognition improvement in patients with early stage of Alzheimer’s dementia.
Discussion: The UBITh� platform can generate a high-precision molecular vaccine with high
responder rate, strong on-target immunogenicity, and a potential of cognition improvement, which
support UB-311 for active immunotherapy in early-to-mild AD patients currently enrolled in a
phase-II trial (NCT02551809).
� 2017 United Biomedical, Inc. Published by Elsevier Inc. on behalf of the Alzheimer’s Association.
This is an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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1. Introduction

The amyloid b (Ab) peptide, central to the “Amyloid
Cascade Hypothesis,” is thought to be the pivot for the onset
and progression of Alzheimer’s disease (AD), and the toxic
forms of oligomers and fibrils are suggested to be respon-
sible for the death of synapses and neurons that leads the pa-
thology of AD and dementia [1,2]. Although recent findings
may suggest a dual protective/damaging role for Ab peptides
in AD pathology [3,4], a successful disease-modifying ther-
apy for AD will include products that affect the disposition
of Ab in the brain [5], in which the immunotherapeutic strat-
egy has drawn much attention since the first active immuno-
therapy was investigated in mice in 1999 [6].

AN-1792 vaccine [7,8], using aggregated full-length
Ab1–42 peptide as immunogen associated with a Th1 adju-
vant (QS-21; saponin), was the first immunotherapy tested
in AD patients, which generated anti-Ab antibody responses
in ,25% of patients with improved memory and decreased
level of tau protein in the cerebral spinal fluid of a small sub-
set of patients [7,8], thus providing encouraging results for
development of new Ab vaccines. AN-1792 was discontin-
ued because of acute meningoencephalitis symptoms in
6% of patients, likely caused by autoreactive T-cell activa-
tion and Ab-reactive T-cell infiltration into the central ner-
vous system [7].

Several second-generation Ab-targeting vaccines were
subsequently designed to minimize Ab-related T-cell
inflammation. These include the following: ACC-001 using
Ab1–7 peptide conjugated to diphtheria toxoid protein [9],
CAD106 using Ab1–6 peptide coupled to Qb virus-like par-
ticle [10], V950 using multivalent Ab1–15 conjugated to a
carrier unknown [11], and affitopes AD01 and AD02 using
Ab mimetics (six amino acids) conjugated to KLH [12].
These vaccines induced variable anti-Ab antibody titers
and responder rates, with most of the immune response
directed toward the large carrier molecules. To date, these
and related vaccines have not presented convincing clinical
efficacy data [13]. Development of AD02, ACC-001, and
V950 vaccines have been discontinued for reasons unclear
[14]. CAD106, currently in clinical phase-III trial, has
completed two phase-II trials reporting acceptable safety
and tolerability and evoking a strong serological responses
in 80% of patients, and brain PET imaging was suggestive
of target engagement [15,16]. Ab is the principal target of
late-stage development programs with relatively few agents
in clinical trials for AD, suggesting a need to amplify the
drug discovery ecosystem [17].

We describe in this report a novel design of the UBITh�

platform-based, fully synthetic Ab1–14 peptide vaccine (UB-
311), preclinical characterization, and a first-in-human
(FIH) phase-I clinical study which enrolled 19 patients
with mild-to-moderate AD. UB-311 comprises two Ab1–
14–targeting peptides (B-cell epitopes), each linked to
different helper T-cell peptide epitopes (UBITh�) as a
chimeric peptide to maximize immunogenicity, which is
formulated in a Th2-biased delivery system to minimize T-
cell inflammatory reactivity. The UB-311 vaccine was safe
and well-tolerated, generating strong site-specific (Ab1–10)
antibodies in all patients. Of note, a subgroup of mild AD pa-
tients (Mini–Mental State Examination [MMSE] �20)
showed a positive trend toward cognition improvement.
2. Methods

2.1. Peptide synthesis and vaccine product

UBITh� Ab1–14 peptide immunogens for the UB-311
vaccine product and Ab peptide antigens for immunoassays
were synthesized using automated solid-phase synthesis,
purified by preparative high performance liquid chromatog-
raphy (HPLC), and characterized by matrix-assisted
laser desorption ionization-time of flight (MALDI-TOF)
mass spectrometer, amino acid analysis, and reverse-phase
HPLC. UB-311 comprises two Ab1–14–targeting peptides
(B-cell epitope), each synthetically linked to different helper
T-cell peptide epitopes (UBITh�), and formulated in an
alum-containing Th2-biased delivery system (US patent no.
9,102,752). The two Ab immunogens are the cationic
Ab1–14-εK-KKK-MvF5 Th [ISITEIKGVIVHRIETILF] and
Ab1–14-εK-HBsAg3 Th [KKKIITITRIITIITID] peptides, in
equimolar ratio; they were mixed with polyanionic CpG
oligodeoxynucleotide (ODN) to form stable immuno-
stimulatory complexes of micron-size particulates, to which
aluminum mineral salt (Adju-Phos, Brenntag Biosector,
Denmark), was added to the final formulation, along with
sodium chloride for tonicity and 0.25% 2-phenoxyethanol
as preservative. The vaccine product was manufactured
under “good manufacture practice” (GMP) conditions at
United Biomedical as sponsor (New York).
2.2. FIH phase-I clinical trial with patients of mild-to-
moderate Alzheimer’s disease
2.2.1. Patients and study design
An FIH phase-I clinical trial (NCT00965588) with a

24-week intervention phase (Fig. 1) was conducted atNational
Taiwan University Hospital and Taipei Veterans General
Hospital in Taipei, Taiwan. A total of 19 adults with mild-
to-moderate AD were enrolled, including 9 males and 10
females with 50–85 years of age (Table 1). Each patient was
immunized three times with UB-311 (300 mg/dose) at weeks
0 (baseline), 4, and 12 by intramuscular injection. An observa-
tional 24-week extension study (NCT01189084), from weeks
24 to 48, was included to monitor long-term immunogenicity
and efficacy with 14 eligible subjects (Fig. 1).

2.2.2. Objectives of the FIH trial
The primary objectives were to evaluate safety and tolera-

bility; the secondary objectives were to assess immunogenicity
and the preliminary vaccine efficacy after a three-dose regimen.



Fig. 1. Patient disposition and study design. The first-in-human (FIH) clinical trial enrolled 19 patients (50–80 years old) with mild-to-moderate Alzheimer’s

disease in a 24-week interventional study, and all 19 subjects received three UB-311 vaccine doses by intramuscular injection (300-mg immunogen peptide) at 0,

4, and 12 weeks and completed the treatment study (identifier no.: NCT00965588). After the first five subjects passed the safety evaluation at week 48, the

remaining 14 subjects enrolled in and completed a 24-week observational extension study added to the end of the interventional study to monitor long-term

safety, tolerability, immunogenicity, and efficacy (identifier no.: NCT01189084).

Table 1

Baseline demographics and characteristics of patients with Alzheimer’s

disease (first-in-human trial with UB-311 vaccine)

Baseline demographics and disease

assessment* Value

Age, years

Mean (SD) 64.0 (8.3)

Median (range) 64.0 (51.0–78.0)

Gender

Male (%) 9 (47.4)

Female (%) 10 (52.6)

Race

Asian (%) 19 (100.0)

Other (%) 0 (0.0)

BMI, kg/m2

Mean (SD) 23.1 (2.1)

Median (range) 22.6 (20.0–27.2)

Time since Alzheimer’s disease diagnosis,

years

Mean (SD) 2.4 (2.3)

Median (range) 2.0 (0.3–10.7)

ADCS-CGIC

Borderline (%) 5 (26.3)

Mild (%) 11 (57.9)

Moderate (%) 3 (15.8)

MMSE

Mean (SD) 19.2 (3.2)

Median (range) 19.0 (15.0–25.0)

HIS

Mean (SD) 1.4 (1.2)

Median (range) 1.0 (0.0–4.0)

CDR

Mean (SD) 1.1 (0.3)

Median (range) 1.0 (1.0–2.0)

Abbreviations: SD, standard deviation; BMI, body mass index; ADCS-

CGIC, Alzheimer’s Disease Cooperative Study–Clinical Global Impression

of Change; MMSE, Mini–Mental State Examination; HIS, Hachinski

Ischemic Score; CDR, Clinical Dementia Rating.

*The enrolled patients were free of psychiatric, medical or substance

abuse problems, history of severe systemic, autoimmune disease or anaphy-

laxis, hepatic insufficiency, poor control of blood sugar, positive human im-

munodeficiency virus, hepatitis C virus antibodies, or hepatitis B surface

antigen enzyme immunoassay test results. Patients receiving stable treat-

ment with cholinesterase inhibitors were not excluded from the trial.
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Safety assessments included vital signs, physical and neurolog-
ical examinations, laboratory parameters, electrocardiogram,
and brain magnetic resonance imaging (MRI) scans were per-
formed at the initial screening and at the end of the interven-
tional study (weeks 24–26). No abnormal MRI brain imaging
scanswere reported.Blood sampleswere collected periodically
for clinical laboratory analysis, screening, and characterization
of anti-Ab antibodies, and for in vitro lymphocyte proliferation
and cytokine production.

2.2.3. Preliminary evaluation of efficacy
The effect of the vaccine on cognition responses was

evaluated using three scales: two cognitive scales,
Alzheimer’s Disease Assessment Scale–Cognitive Subscale
(ADAS-Cog) and MMSE; and a global rating scale,
Alzheimer’s Disease Cooperative Study–Clinician’s Global
Impression of Change (ADCS-CGIC). ADAS-Cog and
ADCS-CGIC were performed at weeks 0, 16, 24, and 48;
MMSE was performed at screening visit, and at weeks
16, 24, 36, and 48.

2.2.4. Statistical analyses
For the UB-311 FIH trial, 19 treated patients were re-

cruited to demonstrate initial safety; the probability of
observing at least one case of meningoencephalitis with a
true incidence of 6% was calculated to be 69.1%. Pearson’s
correlation coefficient was calculated for the relationship
assessment between anti-Ab antibody titer and ADAS-Cog
and MMSE change. For potential heterogeneity in treatment
effects, subgroup analyses were conducted on the efficacy
end points by baseline age and MMSE. Repeated-
measures mixed-effects model was used to estimate the rates
of change (slope) in ADAS-Cog and MMSE scores and to
determine the difference in slope between different sub-
groups. The model terms included baseline efficacy variable,
subgroup variable, visit time, and the interaction between
subgroup variable and visit time. First-order autocorrelation
was used as the covariance matrix based on the Akaike’s in-
formation criterion. All statistical analyses were based on
two-sided tests at a significance level of 0.05 and conducted



C.Y. Wang et al. / Alzheimer’s & Dementia: Translational Research & Clinical Interventions 3 (2017) 262-272 265
with R version 2.14.1 (R Foundation for Statistical
Computing, Vienna, Austria).
2.3. Supplementary methods online

Supplementary methods and study results are provided
online to support specific preclinical studies in animals and
additional clinical data: (1) experimental animals for immu-
nogenicity, pharmacology, and toxicity studies; (2) hAPP751
transgenic mouse model study; (3) enzyme-linked immuno-
sorbent assay (ELISA) test for detection of antibodies to syn-
thetic peptides; (4) specificity analyses of anti-Ab antibodies
by epitope mapping; (5) solid-phase ELISA for detection of
Ab antigens; (6) immunohistochemical analysis of human
tissue cross-reactivity; (7) Biochemical extraction of Ab
from hAPP751 mouse brain tissues; (8) lymphocyte prolifer-
ation and cytokine analyses; and (9) dot-blot analysis of Ab
forms reactive with human antisera.
Fig. 2. Serum anti-Ab antibody titers assayed by ELISA and preferable targeted A

(A) Mean antibody response during the 24-week interventional study (solid line) i

followed up in an additional 24-week observational study, whosemean ADAS-Cog

log10; and 4 weeks after last vaccine boost at week 16, the titer peaked at 2.7 log10 (r

antibody titers, measured by Ab1–28 ELISA test. At week 16, serum samples recog

collected at week 0 had anti-Ab1–42 antibody levels below quantification limit (not

(D) At week 16, analysis of serum dot plot (left panel), flanked by the positive co

preferentially to Ab fibrils, followed by oligomers, and the least to monomers;

mean scales from three representative AD subjects, P105, P108, and P206. Abbrev

ment Scale–Cognitive Subscale; ELISA, enzyme-linked immunosorbent assay.
3. Results

3.1. High levels of anti-Ab antibody response and
responder rate

UB-311 comprises two peptide immunogens, each with
an N-terminal Ab1–14 peptide, synthetically linked
through an amino acid spacer to different T helper
(Th) cell peptides (UBITh� epitopes) derived from
two pathogen proteins, hepatitis B surface antigen
(Supplementary Fig. 1A), and measles virus fusion protein
(Supplementary Fig. 1B).

The vaccine product, formulated in CpG ODN and
alum-containing Th2-biased delivery system, could
maintain long-term chemical stability as demonstrated
after storage for 3 years at 2�C–8�C (Supplementary
Fig. 1C). Each peptide was purified to a well-defined
molecular entity with an exact mass close to its respective
theoretical value (Supplementary Figs. 1D and 1E).
b species visualized by dot plot after UB-311 immunization in AD patients.

n 19 AD patients treated with UB-311; 14 of 19 patients (dashed line) were

scorewas 4.9 (improvement). The mean baseline titer (pretreatment) was 1.0

ange: 1.8–3.7 log10). At week 48, all patients had decreasing but still positive

nized Ab1–42 monomers (B) and oligomers (C); preimmune serum samples

shown on log scale), except subjects P109 (monomer) and P108 (oligomer).

ntrol 6E10 mAb, reveals that the vaccine-induced anti-Ab antibodies bind

the densitometric measures (right panel) for the three Ab species are the

iations: AD, Alzheimer’s disease; ADAS-Cog, Alzheimer’s Disease Assess-



Table 2

Site specificity of anti-Ab antibody in patients by peptide epitope mapping

Peptide

sequence

Ab

position

Subjects

P101 P102 P103 P104 P105 P106 P107 P108 P109 P201 P202 P203 P204 P205 P206 P207 P208 P209 P210

TEEISEVKMD 29 to 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

EEISEVKMDA 28 to 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

EISEVKMDAE 27 to 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ISEVKMDAEF 26 to 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SEVKMDAEFR 25 to 5 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

EVKMDAEFRH 24 to 6 1 0 0 0 0 0 0 0 0 58 0 0 0 0 0 1 0 0 0

VKMDAEFRHD 23 to 7 31 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 13

KMDAEFRHDS 22 to 8 94 0 0 0 0 0 0 0 0 2 7 0 12 0 0 0 0 0 52

MDAEFRHDSG 21 to 9 420 12 0 0 0 0 0 0 0 19 116 0 17 0 0 2 6 0 121

DAEFRHDSGY 1–10 1983 1669 36 1721 3840 5193 2838 948 1675 1034 42,313 1284 274 81 1797 6024 4093 27,596 20,968

AEFRHDSGYE 2–11 2 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0

EFRHDSGYEV 3–12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

FRHDSGYEVH 4–13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RHDSGYEVHH 5–14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

HDSGYEVHHQ 6–15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DSGYEVHHQK 7–16 214 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SGYEVHHQKL 8–17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GYEVHHQKLV 9–18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0

YEVHHQKLVF 10–19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 0

EVHHQKLVFF 11–20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

VHHQKLVFFA 12–21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 27 0 0 0

HHQKLVFFAE 13–22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

HQKLVFFAED 14–23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

QKLVFFAEDV 15–24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DAEFRHDSGYEVHHQKLVFFAEDVGSNK 1–28 685 161 220 295 450 715 1163 478 430 339 509 279 284 39 226 906 1157 893 1321

NOTE. The in vitro anti-Ab antibody epitope mapping is a competitive binding inhibition enzyme-linked immunoassay for determination of binding residues of anti-Ab antibody within the target region; the

method is described in Section 2. The N-terminal Ab1–10 (DAEFRHDSGY) peptide (given in bold) was identified to react most strongly with the serum samples collected on week 16 from each of the 19 patients

immunized with UB-311; the results show 100% responder rate after immunization at weeks 0, 4, and 12. The numbers represent the dilution factor of each serum sample that corresponds to the 50% binding

inhibition (IC50) by each of the 24 Ab 10-mer peptides.
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The unique design with UBITh� peptide epitopes (MvF5
and HBsAg3) allows for maximal coverage of the major
histocompatibility complex class II binding motifs that can
facilitate a high responder rate among the patient population
with diverse genetic backgrounds (Supplementary Fig. 2).
Of interest, in B-cell antigenicity, UB-311 elicited a strong
antibody response that was exclusively directed to the
vaccine target Ab1–14 but not to the UBITh� epitopes, as
shown representatively in guinea pigs (Supplementary
Table 1). UB-311 can elicit rapid recall immune responses
as shown in vaccinated baboons after a long rest period of
72 weeks [18].

UB-311 generated high immune responses with 100%
responder rate in diverse animal species (Supplementary
Table 2) and durable, high anti-Ab antibody response
(Fig. 2A) in all of 19 AD patients in the FIH trial
(Figs. 2B and 2C; Table 2). UB-311 generated,
over-the-threshold, a mean anti-Ab antibody titer of 1.7
log10 at week 8 after two immunizations (weeks 0 and 4);
Table 3

Phase-I treatment-emergent adverse events in 19 patients with AD

Adverse event by preferred term

System organ class* Preferred t

Gastrointestinal disorders Toothache

Vomiting

General disorders and administration site conditions Injection s

Injection s

Injection s

Infections and infestations Herpes zos

Upper resp

Injury, poisoning, and procedural complications Burns first

Open woun

Investigationsy Alanine am

Aspartate a

Autoantibo

Neutrophi

Neutrophi

Red blood

White blo

Metabolism and nutrition disorders Decreased

Hyperglyc

Nervous system disorders Poor quali

Dizziness

Psychiatric disorders Agitation

Obsessive-

Renal and urinary disorders Genitourin

Nephrolith

Reproductive system and breast disorders Epididymi

Respiratory, thoracic and mediastinal disorders Cough

Skin and subcutaneous tissue disorders Herpes zos

Cellulitis

Tinea cruri

Abbreviation: AD, Alzheimer’s disease.

NOTE. Summary of treatment-emergent adverse events (AEs). The MedDRA

*The AEs were summarized descriptively by system organ class and preferred

according to the time of occurrence. Treatment-emergent AEs, which were de

treatment-related AEs. There were a total of 16 treatment-related AEs in 9 subjec
yLaboratory evaluation.
the immune response peaked with 2.7 log10 at week 16 (after
booster injection at week 12) and remained elevated at week
48 (Fig. 2A).
3.2. Site-specificity epitope mapping

The UBITh� platform can generate a high-precision
molecular vaccine as UB-311 has been shown, with
immunized sera from baboons [18], to bind a precise peptide
sequence DAEFRHDSGY, which represents the N-terminal
10-mer peptide of the full-length Ab1–42. In an additional
competitive ELISA (Supplementary Table 3), significant
reactions were seen with Ab1–28 and Ab1–10 peptides only
(equivalent high inhibition level), but not with adjoining
residue masking “D” (Ab[21]–9) or N-terminal “D” removed
(Ab2–11, Ab3–12) or nonimmunogen peptide Ab17–43. The
exactness of binding-site specificity at DAEFRHDSGY
was further confirmed by 10-mer epitope mapping using
sera from all 19 patients with AD (Table 2).
No. of subjects 5 19erm

1 (5.3%)

1 (5.3%)

ite hemorrhage 1 (5.3%)

ite pain 1 (5.3%)

ite swelling 4 (21.1%)

ter 1 (5.3%)

iratory tract infection 2 (10.5%)

degree 1 (5.3%)

d 1 (5.3%)

inotransferase increased 3 (15.8%)

minotransferase increased 2 (10.5%)

dy positive 2 (10.5%)

l count increased 1 (5.3%)

l percentage increased 1 (5.3%)

cell sedimentation rate increased 2 (10.5%)

od cell count increased 1 (5.3%)

appetite 1 (5.3%)

emia 1 (5.3%)

ty sleep 1 (5.3%)

1 (5.3%)

4 (21.1%)

compulsive disorder 1 (5.3%)

ary tract infection 1 (5.3%)

iasis 1 (5.3%)

tis 1 (5.3%)

2 (10.5%)

ter 1 (5.3%)

1 (5.3%)

s 1 (5.3%)

system was used to code the AEs.

terms. AEs were classified into pretreatment and treatment-emergent AEs

finitely, probably, or possibly related to the test drug, were regarded as

ts (47.4%); the treatment-related AEs are indicated in bold type.
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3.3. Preferential Ab forms targeted by the vaccine

At week 16 after vaccination in AD patients where peak
anti-Ab responses were observed (Fig. 2A), antisera on
ELISA was found to recognize Ab1–42 monomers
(Fig. 2B) and oligomers (Fig. 2C). Further analysis with
dot blot (Fig. 2D) reveals that the vaccine-induced, anti-
Ab IgGs (purified from antisera) bind preferentially to Ab
fibrils, followed by oligomers, and the least to monomers.
3.4. Safety features in animals and human subjects

In UB-311-treated hAPP751 transgenic mice and cyno-
molgus macaques, no evidence was found for microglial
cell activation (anti-CD11b antibody marker) or for T-cell
infiltration (anti-CD3 antibody marker) of brain tissue; no
changes in lymphocyte proliferation or upregulation of cyto-
kine secretion were noted in macaque peripheral blood
mononuclear cells (PBMCs) incubated with Ab1–14 peptide
[18]. In the FDA-approved panel of 30 normal adult human
tissues stained with purified guinea pig anti-Ab1–14 IgG, all
tissues were negative other than some positive Ab plaques
and cerebral vessels in some brain samples from elderly in-
dividuals (Supplementary Fig. 3), indicative of no nonspe-
cific binding by immunoglobulins generated after UB-311
vaccination.
Fig. 3. Mean change over time in ADAS-Cog and MMSE scores by age, MMSE a

311-treated patients were stratified by (A and D) age in years (,60 and�60), (B an

positive change from baseline in ADAS-Cog score represents cognitive deterioratio

dard error. (B) MMSE score (,20 and�20); *P, .0002 for the difference in the r

Assessment Scale–Cognitive Subscale; MMSE, Mini–Mental State Examination.
UB-311 was safe and well tolerated in the 19 AD patients
of FIH trial. Injection site swelling (4/19, 21%), agitation (4/
19, 21%), and transient increase in alanine aminotransferase
levels in blood (3/19, 16%) were the most common adverse
effects. Treatment-emergent adverse events in 19 AD pa-
tients were reported in Table 3. No significant changes
were notable with the electrocardiograms, brain magnetic
resonance imaging scans, and neurology examination. Lab-
oratory measures of hematological tests, blood clinical
chemistry tests, and coagulation factors showed stable trends
throughout the study period. No change of lymphocyte pro-
liferation responses (Supplementary Table 4) or cytokine up-
regulation (Supplementary Table 5) was observed in the
presence of Ab1–14 or Ab1–28 peptides. Of special note, no
evidence of meningoencephalitis was recorded during or af-
ter the study.
3.5. Functional immunogenicity in animals and human
subjects

UB-311 reduced plaque size in the cortex and hippocampus
of hAPP751 aged responder transgenic mice (Supplementary
Fig. 4A). The reducing effects correlated with the lowering of
Ab1–42 levels in brain tissue extracts, in which young
responder transgenic mice were found to have fewer protofi-
brils (Triton X-100 fraction) and fewer large oligomers and
t baseline, or gender. For assessment of ADAS-cog and MMSE scores, UB-

d E)MMSE score (,20 and� 20), or (C and F) gender (male and female). A

n. ForMMSE, a negative change indicates deterioration. Error bars are stan-

ate of disease progression. Abbreviations: ADAS-Cog, Alzheimer’s Disease
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fibrils (sodium dodecyl sulfate [SDS] fraction) comparedwith
nontreated or placebo control animals (Supplementary
Fig. 4B).

In cynomolgus macaques, UB-311 promoted brain-to-
blood Ab efflux as demonstrated with increased plasma
Ab1–40 levels in the presence of elevated anti-Ab1–14 anti-
body levels (Supplementary Table 6); Ab1–40 levels re-
mained steady state in the cerebral spinal fluid [18]. This
was also observed in AD patients, although anti-Ab1–14 anti-
body titers were much higher in the macaques after six vac-
cine doses than those in human subjects after three
immunizations. Serum Ab1–40 levels from 9 of 12 patients
were measured for net change; anti-Ab1–14 antibody titers
greater than 2.4 log10 in serum showed measurable efflux
(Supplementary Table 7). Of note, serum antibodies from
all AD patients could bind Ab1–42 monomers and oligomers
(Figs. 2B and 2C), an activity that may lead to reduction of
soluble oligomers in the brain.
3.6. Potential efficacy for mild Alzheimer’s disease

The UB-311 vaccine regimen of three immunizations
(300 mg/dose at weeks 0, 4, and 12) by intramuscular route
and monitored through week 24 (19 patients in interven-
tional study phase) and week 48 (14 patients in observational
extension study phase) (Fig. 1) was safe, well-tolerated,
immunogenic and showed encouraging ADAS-Cog scores
in a subset of patients. Observed in the 14 patients,
ADAS-Cog scores increased by 3.2 points, MMSE scores
decreased by 2.2 points, and about 39% of patients showed
improvement or no change in ADCS-CGIC scores derived
based on the clinician’s perception of the patient’s change
in global clinical status over time. Possible confounder
effects in the subgroups based on the age component, base-
line MMSE scores, or gender were further analyzed in the
post hoc subgroup analyses (Fig. 3). A significantly lower
rate of change in ADAS-Cog from baseline to week 48
was observed in the subgroup of mild AD patients with
baseline MMSE � 20 (P 5 .0002, while P , .0083 is
considered significant after adjusted for multiple compari-
sons with Bonferroni correction) (Fig. 3B), whereas there
is no statistically significant difference in the rate of change
of either ADAS-Cog or MMSE scores when grouped by age
or gender of the subjects (Figs. 3A, 3C, 3D, and 3F). This
suggests that UB-311 may have a potential of cognition
improvement in patients with early stage of Alzheimer’s
dementia.
4. Discussion

By design, UB-311 vaccine has several safety features.
First, site-specific immunogenicity is directed to the N-termi-
nus (Ab1–10) (Table 2) and is devoid of intrinsic Ab-specific
T-cell epitopes located between amino acids 16–33 [19], the
Ab T-cell sites possibly responsible for the adverse T-cell
autoimmunity in the case of AN-1792 (Ab1–42) vaccine
[20]. Second, UB-311 is formulated in a Th2-biased delivery
system containing CpG ODN, known to favor generalized
B-cell mitogenicity with a preference for regulatory Th2
responses rather than Th1 proinflammatory T-cell responses
(US patent number 8,088,388); and alum is known to induce
Th2-polarized immune responses [21].

Themeningoencephalitis associatedwithAN-1792vaccine
may have also been exacerbated by a Th1-biased adjuvant
composition that included QS-21 (saponin) adjuvant and
polysorbate-80 surfactant in the formulation [8]. Thus, it is
important to design a vaccine product that favors Th2-only
while inhibiting without abrogating Th1 immunity [22,23].
Of note, Alzheimer’s disease represents a state of unhealthy
aging, termed as “inflamm-aging,” marked by a decline
of Th2 responses and chronic upregulation of Th1
proinflammatory mediators such as IL-6, TNF-a, and C-reac-
tive protein in the brain [24,25] and by an inflammation-driven
breakdown of blood brain barrier beginning in the hippocam-
pus that could contribute to cognitive impairment [26].

UB-311 is safe and well tolerated in the chronic toxicity
study in cynomolgus macaques and in FIH trial with AD pa-
tients, where no meningoencephalitis was reported. Of note,
neither microglial cell activation nor T-cell infiltration was
observed in brain tissue–staining studies with hAPP751
transgenic mice and cynomolgus macaques [18]. Further-
more, lack of PBMC proliferation responses and cytokine
secretion in AD patients (Supplementary Tables 4 and 5)
indicate that UB-311 did not generate inflammatory anti-
self, cell-mediated immune responses.

The two UBITh� T-helper cell peptide epitopes, MvF5
Th and HBsAg3 Th, could maximize both anti-Ab antibody
titers and responder rates without generating significant
anti-UBITh� antibody responses (Supplementary Table 1).
The epitopes are expected to provide broader and stronger
T-cell help than the incidental intrinsic T-helper epitopes
of aggregated Ab1–42, which may improve immunogenicity
in an elderly population. This was observed that UB-311
generated a 100% responder rate for all AD patients in
FIH trial (Figs. 2B and 2C; Table 2), and good antibody
responses sustained throughout the 48-week study period
(Fig. 2A). One additional important feature of the UBITh�

platform–based vaccine design is that the responses to
chimeric UBITh� anti-self-immunogens are reversible and
can be maintained by booster immunizations [27–30].

Achieving a 100% responder rate is rare in the vaccine
development history. AN-1792 vaccine in AD patients
(with QS-21 as adjuvant) had a responder rate of ,25%
[7,8] but increased to 60% after additional injections with
polysorbate-80 added in the formulation [31]. The
CAD106 (Ab1–6) vaccine with a bacteriophage Qb carrier
protein had improved anti-Ab antibody response in 82% of
AD patients but only for a short period with anti-Qb
antibodies still detected [10]. Overall, in contrast with
UB-311, the current second-generation Ab vaccines were
reported with a 20%–80% responder rate, including ACC-
001, CAD106, V950, affitopes, AD01, and AD02 [9–12].
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The goal for active immunotherapy is to induce anti-
bodies specific for both Ab monomers and oligomers. Ab
peptides circulate in blood, cerebrospinal fluid, and brain
interstitial fluid mainly as soluble Ab1–40 [32,33]. Senile
plaques contain both Ab1–40 and Ab1–42 [34], while vascular
amyloid is predominantly the shorter Ab1–40. Measurement
of plasma Ab1–40 could thus serve as a pharmacodynamic
marker. The observation of plasma Ab1–40 in cynomolgus
macaques and human subjects (Supplementary Tables 6
and 7) suggests that UB-311 may operate through the mech-
anism of promoting efflux of Ab peptides from brain, sup-
porting the “amyloid sink hypothesis” [35].

In AD patients, UB-311 can generate antibodies able to
bind both Ab1–42 monomers and oligomers (Figs. 2B and
2C); and, in fact, the antibodies preferentially bind to fibrils,
followed by oligomers, and weakly to monomers per dot-
blot analysis (Fig. 2D). This is of considerable clinical inter-
est as amyloid oligomers, rather than plaques, play a more
important role for the disease development [36,37]; and
Ab1–42 oligomers are most toxic to neurons compared to
Ab1–42 monomers or amyloid plaques [1,2,38]. Ab
oligomers can contribute to AD pathogenesis by affecting
synaptic plasticity and inhibition of long-term potentiation
[38]. Of note, Ab aggregates can cause certain inflammatory
responses that lead to formation of tau aggregates and neuro-
fibrillary tangles [39]; and oligomeric Ab-induced IL-1b
secretion by microglia may also augment neuroinflamma-
tion and increase neuronal cell death [40].

The phase-I observations suggest that UB-311 immuniza-
tion may have a potential of cognition improvement in pa-
tients with mild AD. Compared with patients with
moderate AD, those with mild AD (MMSE � 20) revealed
a stable trend in ADAS-Cog scores with a significant slow-
down in deterioration and a slower worsening in MMSE
(Fig. 3B). These findings indicate that patients with mild
AD have a better cognitive response to UB-311
(P5 .0002), and UB-311 may have a positive therapeutic ef-
fect in patients with early stage of Alzheimer’s disease.

The last two decades have seen robust development of
disease-modifying, passive, and active anti-Ab immuno-
therapy [5,13,14,41,42]; however, there has been very
limited convincing clinical benefits of cognitive
improvement [13,38]. Bapineuzumab [43] and solanezumab
[44] failed to improve cognitionor functional ability inpatients
with mild-to-moderate AD. Bapineuzumab was limited to
lower doses,whichwerebelieved tobe suboptimal for efficacy,
due to high incidence of amyloid-related imaging abnormal-
ities–edema [45]. Although potential benefits of both anti-
bodies were observed in patients with mild dementia when
stratifiedbydisease severity, solanezumab in the recent EXPE-
DITION3 phase-III trial disappointingly failed tomeet the pri-
mary end point in mild AD patients (http://www.medscape.
com/viewarticle/873143?src5wnl_edit_tpal).

The chance to overcome mild AD may still exist. Aduca-
numab in a phase-Ib trial has shown a tantalizing but tenuous
evidence that the mAb dose-dependently reduces Ab plaque
that correlates with cognitive improvement [46]. Unlike sol-
anezumab that binds tightly to Ab monomers but not to the
more toxic soluble oligomers or insoluble fibrils [47], aduca-
numab selectively binds aggregated forms of Ab, including
soluble oligomers and insoluble fibrils, but does not bind
monomers [48]. The cognitive efficacy by aducanumab im-
plies that a similar positive effect may be achieved via active
immunotherapy. UB-311 immunotherapy in patients with
mild AD patients (Fig. 3B) may be mediated through a
target-binding mechanism similar to that by aducanumab,
that is, preferential binding to oligomers (Fig. 2C) and fibrils
(Fig. 2D). UB-311 binds to Abmonomers as well (Fig. 2B).
Overall, the potential of cognition improvement observed
with aducanumab [46] also support the amyloid cascade the-
ory [39,48] including Ab-induced tau pathology that
underlies the Alzheimer’s disease [49 51].

Based on the favorable results of the UB-311 phase I trial
(24-week treatment plus 24-week follow-up) in safety and
preliminary efficacy, a randomized, double-blind, placebo-
controlled, 78-week multicenter phase IIa trial (identifier
no.: NCT02551809) was initiated in 2015 to characterize
longer term safety, tolerability, immunogenicity, and effi-
cacy. After the initial 0, 4, and 12 week priming doses, addi-
tional booster doses are given at 12-week or 24-week
intervals in 45 patients with mild AD and a positive Ab
PET imaging scan at baseline. The phase-IIa trial is expected
to conclude in 2018. No serious drug-related adverse events
have been reported to date.
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RESEARCH IN CONTEXT

1. Systematic review: We searched PubMed, Clinical-
Trials.gov, and recent literature reviews that trackprod-
uct development for antibodies and vaccines with anti-
Ab disease–modifying features for Alzheimer’s
disease (AD). None of these immunotherapeutics,
active or passive, in clinical trial has been shown to
effectively improve cognitionofADpatients; however,
that reduced Ab plaque load correlates with improved
cognition scores inmildADpatients has been reported
in early aducanumab clinical trial.

2. Interpretation: UB-311 represents a new-generation
vaccine design that has potential to prevent or
delay the onset of Alzheimer disease. The utility of
the vaccine, if successful, would be more cost-
effective and easier for dose administration than an
antibody drug for treatment of Alzheimer’s disease.

3. Future directions: UB-311’s preclinical Ab reduction
features and favorable early clinical outcome of po-
tential cognition improvement in mild AD patients
have led to the ongoing phase-II trial for early-to-
mild Alzheimer’s dementia.
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